Objective: To develop a comprehensive list of asthmagens to which exposure may occur in occupational settings in Australia.
Introduction
It has been estimated that between 1,000 and 3,000 new cases of asthma in Australia could be attributed to workplace exposures annually.
1 However, precise information on the nature and extent of occupational asthma (OA) in Australia is not currently available to inform policy development. Estimates of adult-onset asthma cases that can be attributed to occupational exposures range from 9 to 17% in Australia. 1, 2, 3 Internationally, a recent study of more than 41,000 workers in 19 broad occupational groups in the United States, reported a prevalence of OA of 8.1% (95%CI 7.8 to 8.5%). When compared to a reference group of administration workers, the highest prevalence ratios (PR) were reported for health workers (PR 1.5, 95%CI 1.2 to 1.9) and teachers (PR 1.3, 95%CI 1.1 to 1.6). Respiratory Events (SABRE) in New South Wales, Victoria and Tasmania together. 5, 6 Similarly, only a few cases are compensated through workers' compensation schemes;15 claims per million employees over the most recent seven year period. of OA are sensitiser-induced. 9 Sensitiser-induced asthma is characterised by the existence of a latency period between the first exposure to a respiratory sensitiser and the development of immunologically-mediated symptoms such as may be seen with latex exposures where the latency period maybe weeks or months. 10 Irritant-induced asthma typically occurs after months or years of exposure to a respiratory irritant e.g. sulphur dioxide, chlorine or ammonia. This type of reaction is commonly associated with low molecular weight asthmagens such as diisocyanates or cyclic amines. Reactive airways dysfunction syndrome (RADS) is a subclass of irritant-induced asthma characterised by the sudden onset of asthma symptoms days after a single intense exposure to a respiratory irritant such as chlorine gas. occupationally-related asthmagens. 12 In addition, and most recently, Baur and Bakehe have published a wide-ranging review of 372 separate asthmagens. 13 All of the reference lists consulted while constructing our list had some asthmagens in common although not all were work-related or were encountered in Australia.
Our criteria for the inclusion of an agent to be selected for this asthmagen list were:
1. There is good evidence that the agent is asthmagenic 2. The agent is used in occupational settings
The agent is encountered in Australia
Evidence that the agent is asthmagenic We added any agents labelled as H334 by the Globally Harmonised System for Classification and Labelling of Chemicals (GHS) which were not already included. The GHS is maintained by the European Chemicals Agency. 16 The H334 label identifies agents that "may cause allergy or asthma symptoms or breathing difficulties if inhaled".
We then compared our list with recently published literature reviews of allergens causing OA by Chan-Yeung and Malo 17 and by Baur and Bakehe. 13 These extensive reviews resulted in a list of 372 separate agents, which were initially included in our list.
Evidence that the agent is used in occupational settings
From the combined list of potential asthmagens and in consultation with occupational hygienists, we removed exposures not deemed to be primarily work-related.
Evidence that the agent is used in Australia
We consulted a number of data sources including NICNAS which maintains the Australian Inventory of Chemical Substances (AICS), listing data on chemicals manufactured or imported for use in Australia. In consultation with the occupational hygienists, any listed agents that were not likely to be found or permitted to be used in an Australian workplace were excluded.
Results
reduced to 309 agents by the removal of duplicate agents or agents listed under several common names, such as cutting oils, metal working fluids, and oil mist; and those agents which could be considered a sub-category of another agent, for example, sericin is a byproduct of silkworms and is included under the silkworm listing, and carene is a constituent of turpentine and is included under the turpentine listing.
The only agent excluded as being non-occupationally related was gluten, a dietary agent through which exposure occurs primarily by ingestion rather than through respiratory or dermal exposure.
A further 34 agents were considered unlikely to be encountered in Australia based on expert opinion, and included some arthropod species (specifically, screw worm fly and Mexican bean weevil), some specific wood dusts (i.e. those derived from iroko and kejaat tree species), and agents which are no longer in common use or not legally available in Australia like enflurane, the explosive tetrazene, and medications such as diacetyl morphine.
We excluded Carmine red dye (E120 food additive) as it is now banned in the US and rarely used in Australia. We also excluded Northern hemisphere marine species such as the Snow crab (Chineoecetes opililis), as this is not available in Australia, although Southern hemisphere crabs were included (Blue Swimmer Crabs (Portunus pelagicus), Giant Mud Crab (Scylla serrata) and Spanner Crabs (Ranina ranina)).
There were agents on the original lists to which occupational exposure is unlikely to be frequent (such as quillaja bark or isolyser). However, as there was limited information available about exposure prevalence, these agents have been included with the aim of refining this list once more definitive exposure prevalence information becomes available.
The remaining 274 agents were then supplemented with three agents previously documented to cause OA in Australia, namely: almond dust, 18 fluoride (as a constituent of aluminium pot room fumes) 19 and sawdust from the Australian Blackwood (Acacia melanoxylon) timber.
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The final list of 277 agents were then categorised into 27 occupationally associated groups (following the groupings used by Kennedy et al). 21 Two asthmagens, latex and ethylene oxide, were identified as stand-alone specific agents. Other groups included isocyanates (n=9), pesticides (n=21), and metals (n=22). The complete list of 277 occupational asthmagens in 27 groups can be found in Table 1 .
Discussion and Conclusions
The aim of this project was to assemble a comprehensive list of substances that may be encountered in an Australian workplace and for which there is good evidence that they could lead to the development of OA. To limit or prevent OA, it is important to understand which asthmagens are encountered in the workplace. Our final list contained 277 known or probable occupational asthmagens separated into 27 groups. This list was designed to be broad and inclusive, and therefore should enable a wide range of research and policy aims to be met.
The list will permit the future estimation of the number of Australian workers who may be exposed to asthmagens at work. The list will help to identify industries and occupations with a high prevalence of exposure to asthmagens and therefore where occupational health and safety interventions can be targeted to have the greatest effect. The process followed in establishing this list was transparent and reproducible, and could be used in establishing similar lists for other disease outcomes and in other countries. survey is an example of this approach. 22 However, the NHEWS survey provided limited information on specific asthmagens because it relied on respondents being able to identify the agents that may have been contained in chemical fumes or dusts that they were exposed to. NHEWS did not collect information on exposures to a range of non-chemical and biological asthmagens, such as occurs with pot room fumes in aluminium smelting plants 19 or mouse urine in animal cages.
The specific asthmagenic agents are difficult to identify in such circumstances. High quality studies of prevalence of exposure are rare and available reports are often case-studies of affected individuals. Prevalence studies may underestimate exposure because of the Heathy
Worker Effect where individuals affected by asthma symptoms may choose to work in jobs in which the potential for asthmagen exposure is low; they may be excluded from being hired;
or they may seek transfer to less exposed jobs or leave that workplace.
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future researchers identify workplaces where low prevalence of asthma is observed due to the presence of identified asthmagens.
A high quality survey of prevalence of exposure to occupational asthmagens is now needed in Australian workplaces.
Implications
We have collated a practical and relevant list of occupationally related asthmagens which is inclusive and relevant for Australian workplaces. This list will permit regulators to identify industries, occupations, specific activities and existing exposure standards that can be targeted to improve worker health and welfare. This list could form the foundation of future studies to better describe and understand the extent of exposure to occupational asthmagens in Australia, and in particular to identify both those occupations where the greatest number of workers are at risk of exposure and also where exposure to asthmagens is most likely to occur. The list would also be useful as a reference for medical or occupational Health and Safety organisations who currently have no comprehensive reference list to refer to when considering a diagnosis of OA. Table 1 Twenty seven groups of 277 occupational asthmagens.
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